Initial conservative management includes analgesia, hydration and intravenous caffeine. However, the response to these interventions is variable and often short-lived.
Autologous epidural blood patches (EBP) have emerged as the treatment of choice for those resistant to conservative management. 1 This involves an injection of ~20 ml of blood into the epidural space. The volume replacement increases CSF pressure and the blood also seals the leak. 4, 5 If the site of the CSF leak is known the EBP can be targeted at the site of the leak, otherwise, a 'blind' lumbar EBP may be performed and may still be of benefit. 5 In this case series we report on the efficacy of lumbar EBP in spontaneous, low-pressure headaches.
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MeTHODS
We retrospectively analysed clinical data from patients who had an EBP performed for a spontaneous lowpressure headache at the Institute of Neurological Sciences, Glasgow. We identified patients from theatre logbooks dated from December 2013 to October 2015. All patients had a lumbar EBP performed by a consultant neuroanaesthetist. This involved injection of 10-20ml of autologous blood into the lumbar epidural space under aseptic conditions in an operating room. All patients had their care overseen by a consultant neurologist. Diagnosis of spontaneous low CSF pressure headache was made by the neurologist using the International Classification of Headache Disorders, 3rd edition (beta version) diagnostic criteria: 3 headache developing in temporal relation to CSF pressure <60 mmH2O or with evidence of CSF leak on imaging; not better accounted for by another headache diagnosis and not occurring within one month of dural puncture.
We used information available via electronic patient records to obtain patient demographics, radiological findings, and subjective improvement reported at clinic follow-up. Questionnaires enquiring about outcome following EBP were sent to patients, ensuring a minimum gap of six months between procedure and questionnaire completion. The questionnaires asked patients to quantify the severity of their headache before and after the procedure using a scale ranging from 0 to 10 (0 = no pain, 10 = worst pain). We sought long-term outcomes by asking patients for how long results were sustained, and included questions about patients' experience of having the procedure performed.
ReSUlTS
Between December 2013 and October 2015, 16 patients had a lumbar EBP performed for spontaneous, lowpressure headaches (11 females; mean age 43 years); details are shown in Table 1 . The majority of our patients had never smoked and in most cases alcohol intake was reported as trivial or moderate. Psychiatric comorbidities were most common in our cohort; in particular, depression and anxiety were present in over a third of patients. One patient had a diagnosis of Ehlers-Danlos syndrome.
Radiology findings
Fifteen patients had cranial and spinal MRI prior to their lumbar EBP. Although the site of CSF leak was identified in only three patients, 11 patients displayed other features consistent with a low-pressure state ( Table 1 ). The three identified leaks were at the cervico-thoracic junction, C3/4 level and L5 level. The patient with Ehlers-Danlos syndrome had no identifiable CSF leak or intracranial features consistent with a low-pressure state; diagnosis in this case was based on CSF pressure of < 60mm H2O.
Outcome following EBP
Clinic follow-up Thirteen patients attended clinic followup, 7 (54%) of whom reported some degree of relief from headaches. Three patients reported that their headache had completely disappeared while four reported headaches that were either less intense or less frequent. The patient with a CSF leak at L5 was one of the three who described complete resolution of headache. The median time to post-procedure clinic follow-up was two months. 
Epidural blood patches for spontaneous low-pressure headaches
Six patients (46%) noticed no change in their headache following EBP; one patient had a second EBP but this was also unsuccessful at relieving symptoms. The two patients with identified CSF leaks at the cervico-thoracic junction and C3/4 did not find any significant improvement in their symptoms after EBP.
Questionnaires At the time of completing the questionnaire all patients were at least six months postprocedure. Five of eight (63%) questionnaire respondents reported that their low-pressure headaches were better after EBP, with complete resolution of headache for three patients, > 60% improvement for one patient and a 30-60% improvement for the remaining patient. Mean headache severity in this group of responders improved from 9/10 to 3/10 and all five patients reported sustained improvement. All five patients said the procedure was beneficial enough to have again. Three of eight respondents reported no change in headache, but two stated that they would still accept a repeat procedure if it was offered to them. Interestingly, two patients described improvement in other symptoms such as nausea, neck pain and tinnitus. One patient reported side effects of pain, tenderness and stiffness in the lower back after EBP, which lasted several weeks. Another patient reported mild left leg weakness after having the procedure. Five of eight respondents described the procedure as neither pleasant nor unpleasant; the remainder said it was unpleasant but acceptable.
DiSCUSSiON

Correct diagnosis
Clinical suspicion of headache due to spontaneous CSF leak must be high for the patient to reap any potential benefit from EBP. The differential diagnosis includes central venous sinus thrombosis, idiopathic intracranial hypertension, meningitis and subarachnoid haemorrhage. 6 Conversely, while an abrupt onset of daily persistent headache, worse on standing and relieved by lying down is commonly described, other features such as nausea, photophobia, neck pain and tinnitus may be the predominating features.
Targeted vs blind EBP
MRI features suggestive of intracranial hypotension are common; however, the specific site of CSF leak is rarely identified. EBP procedures targeted at the site of a CSF leak are more successful, 7 as evidenced by the 90% success rate of lumbar EPB for postdural puncture headache. 8 All of our patients had a lumbar EBP irrespective of site of leak. It is notable that the patient with a CSF leak at L5 described complete resolution of headache following lumbar EBP, while those with identified CSF leaks in other regions gained no benefit.
Wang et al. demonstrated that placement of cervical EBP in a patient with cervical CSF leak was more effective than lumbar EBP. 9 MRI/CT myelography is thought to be superior to standard MRI scans in defining the location and extent of a CSF leak. 10 Studies reveal spontaneous CSF leaks most commonly occur at the cervico-thoracic junction or along the thoracic spine. 6 Therefore it may make sense for 'blind' EBP to be placed at the thoracic region to increase the chances of success. Another possible strategy would be to adopt the Trendelenburg position post-procedure; this may improve the chances of successful occlusion by allowing the blood to travel over many spinal segments. 11 Ferrante et al. tilted patients in a 30° Trendelenburg position for one hour before placement of lumbar EBPs, maintained the position throughout the procedure and for 16 hours following the procedure. 12 Evaluation of headache intensity by visual analogue scale found that all 28 patients achieved complete relief from orthostatic headache.
12
Repeat EBP
Previous reports have highlighted that approximately 50% of patients require more than one EBP, and some patients may require up to 4-6 procedures. 13 A minimum of five days is advised between patches to avoid risk of rebound intracranial hypertension. 6 Only one patient in our cohort had a repeat EBP and unfortunately this was also unsuccessful. The second EBP was performed months later and it is possible that too long a gap between successive EBPs reduced the chance of success. Our results are similar to Berroir et al. who showed pain resolution in 57% of their patients with the first EBP; however, they achieved success in a further six of nine patients with a second EBP.
14 A large volume blood patch (20-100 ml) may be beneficial for those who do not respond to the initial EBP. 15 Follow up of our patients suggested that where patients responded to EBP, improvements in symptoms were sustained. In conclusion, our case series serves as a reminder to consider the diagnosis of spontaneous intracranial hypotension as a cause of headache and adds further information about the efficacy of EBP. Identifying the source of the leak and targeting an EBP to the site of the leak is more likely to result in success, but if this cannot be done, consideration should be given to tilting the patient during and after EBP administration to maximize the spread of the blood patch.
